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57 ABSTRACT 
The object of this invention is to enhance the display 
quality of reflection type liquid crystal display device 
having the constitutions of an organic insulating film is 
formed on a thin film transistor formed on a substrate, 
and contact holes and bumps are formed at the positions 
for forming reflection electrodes on the organic insulat 
ing film. The reflection electrodes are formed thereon, 
and drain electrodes and reflection electrodes 38 are 
connected through the contact holes. The effect of this 
invention is since the bumps are formed only in the 
portions of the reflection electrodes, patterning of the 
reflection electrodes is easy, and insulation failure be 
tween source bus wirings and reflection electrodes does 
not occur, and the display quality is enhanced. 

18 Claims, 27 Drawing Sheets 
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1. 

REFLECTION TYPE LIQUID CRYSTAL DISPLAY 
DEVICE WHEREN THE REFLECTOR HAS 

BUMPS 

This is a continuation of application Ser. No. 
07/942,284, filed on Sep. 9, 1992, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a reflection type 

liquid crystal display device and a method of manufac 
turing the device for displaying by reflecting the inci 
dent light. 

2. Description of the Related Art 
Recently applications of liquid crystal display devices 

in word processor, laptop personal computer, pocket 
television and others are rapidly advancing. In particu 
lar, among the liquid crystal display devices, the reflec 
tion type liquid crystal display device for displaying by 
reflecting the entering light is highly noticed because 
the power consumption is low since the backlight is not 
needed, and the design is thin and can be reduced in 
weight. 

Hitherto, for the reflection type liquid crystal display 
device, the TN (twisted nematic) method and STN 
(super-twisted nematic) method have been employed, 
but in these methods, of the luminous intensity of 
natural light is not utilized in display because of the use 
of the polarizer, and the display is dark. 
To solve this problem, display modes for effectively 

utilizing all of rays of natural light without using polar 
izer have been proposed. An example of such modes is 
a phase transition type guest-host method (D. L. White 
and G. N. Taylor: J. Appl. Phys. 454718, 1974). In this 
mode, the cholesteric-nematic phase transition phenom 
enon due to electric field is utilized. By combining this 
method with micro color filter, a reflection type multi 
color display is also proposed (Tohru Koizumi and 
Tatsuo Uchida, Proceedings of the SID, Vol. 29/2, 157, 
1988). 
To obtain a brighter display in the mode not requiring 

polarizer, it is necessary to increase the intensity of light 
scattering in a direction vertical to the display screen, 
for the incident light from all angles. For this purpose it 
is needed to make a reflector having an optimum reflec 
tive characteristic. The above publication discloses a 
reflector manufactured by roughening the surface of 
substrate such as glass with abrasive, controlling the 
surface asperities by varying the time of etching with 
hydrofluoric acid, and forming a silver foil on the asper 
ities. 

In this disclosed reflector, since asperities are formed 
by injuring the glass substrate with abrasive, asperities 
of uniform shape are not formed. Another problem is 
the poor reproducibility of the shape of the asperities, 
and it is impossible to present a reflection type liquid 
crystal display device possessing excellent reflective 
characteristics at high reproducibility by using glass 
substrate. 
FIG. 1 is a plan view of a substrate 2 possessing a thin 

film transistor (TFT) which is a switching element used 
in active matrix method, and FIG. 2 is a sectional view 
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of XI-XI in FIG. 1. On an insulating substrate 2 of 65 
glass or the like, plural gate bus wirings 3 made of chro 
mium, tantalum or the like are disposed parallel mutu 
ally, and gate electrodes 4 are branched off from the 

2 
gate bus wirings 3. The gate bus wirings 3 function as 
scanning lines. 
Covering the gate electrodes 4, a gate insulating film 

5 made of silicon nitride (SiNx), silicon oxide (SiOx) or 
the like is formed on the entire surface of the substrate 
2. On the gate insulating film 5 above the gate electrode 
4, a semiconductor layer 6 composed of amorphous 
silicon (a-Si), polycrystalline silicon, CdSe or the like is 
formed. At one end of the semiconductor layer 6, a 
source electrode 7 made of titanium, molybdenum, alu 
minum or the like is superposed. At the other end of the 
semiconductor layer 6, same as the source electrode 7, a 
drain electrode 8 made of titanium, molybdenum, alumi 
num or the like is superposed. At the opposite end of the 
drain electrode 8 against the semiconductor layer 6, a 
picture element electrode 9 made of ITO (indium tin 
oxide) is superposed. 
As shown in FIG. 1, a source bus wirings 10 crossing 

the gate bus wirings 3 across the gate insulating film 5 is 
connected to the source electrode 7. The source bus 
wirings 10 function as signal lines. The source bus wir 
ings 10 are also made of the same metal as the source 
electrode 7. The gate electrode 4, gate insulating film 5, 
semiconductor layer 6, source electrode 7, and drain 
electrode 8 composed a TFT 1, and this TFT 1 pos 
sesses the function of switching element. 
To apply the substrate 2 possessing the TFT 1 shown 

in FIG. 1 and FIG. 2 in a reflection type liquid crystal 
display device, it is necessary to form the picture ele 
ment electrode 9 by using a metal possessing light re 
flectivity such as aluminum and silver, and form the 
gate insulating film 5 or asperities thereon. Generally, it 
is difficult to form tapered asperities uniformly on an 
insulating film made of inorganic matter. 

FIG. 3 is a plan view of a substrate 12 possessing a 
TFT 11 used in active matrix method, and FIG. 4 is a 
sectional view of XII-XII in FIG. 2. On an insulating 
substrate 12 made of glass or the like, plural gate bus 
wirings 13 made of chromium, tantalum or the like are 
disposed parallel mutually, and gate electrodes 14 are 
branched off from the gate bus wirings 13. The gate bus 
wirings 13 function as scanning lines. 
Covering the gate electrodes 14, a gate insulating film 

15 made of silicon nitride, silicon oxide or the like is 
formed on the entire surface of the substrate 12. On the 
gate insulating film 15 above the gate electrode 14, a 
semiconductor layer 16 made of a-Si or the like is 
formed. At both ends of the semiconductor layer 16, 
contact layers 17 made of a-Sior the like are formed. On 
one contact layer 17, a source electrode 18 is super 
posed, and on the other contact layer 17, a drain elec 
trode 19 is superposed. Source bus wirings 23 function 
ing as signal lines crossing the gate bus wirings 13 across 
the gate insulating film 15 are connected to the source 
electrode 18. The gate electrode 14, gate insulating film 
15, semiconductor layer 16, contact layer 17, source 
electrode 18, and drain electrode 19 compose a TFT 11. 

Further, an organic insulating film 20 possessing plu 
ral bumps 20a and having a contact hole 21 on the drain 
electrode 19 is formed. On the organic insulating film 
20, a reflection electrode 22 is formed, and the reflec 
tion electrode 22 is connected to the drain electrode 19 
through the contact hole 21. 
When the organic insulating film 20 is formed on the 

substrate 12 having such TFT 11 formed thereon, the 
bumps 20a may be easily formed on the surface of the 
organic insulating film 20 by employing the etching 
method, and by forming the reflection electrode 22 on 



3 
the organic insulating film 20 having the bumps 20a, the 
reflection electrode 22 having asperities may be easily 
formed. 
As shown in FIG. 1 and FIG. 2, when forming the 

reflection electrode 9 and source bus wirings 10 on the 
gate insulating layer 5, a gap 9a is formed so as to pre 
vent conduction between the reflection electrode 9 and 
source bus wirings 10. However, as shown in FIG. 3 
and FIG. 4, such gap 9a is not needed when the source 
bus wirings 23 are formed on the gate insulating film 15, 
and the reflection electrode 22 on the organic insulating 
film 20. 
To enhance the luminance of display, it is desired that 

the reflection electrode 22 be as large as possible. In 
FIG. 3 and FIG. 4, therefore, the end portion of the 
reflection electrode 22 is formed on the source bus 
wirings 23 through the organic insulating film 20. 

Since the organic insulating film 20 possesses the 
bumps 20a, if etching failure of contact of the bottom 
portion 20b of the adjacent bumps 20a on the source bus 
wiring 23 occurs, insulation by the organic insulating 
film 20 is not achieved, and insulation failure may occur 
between the source bus wirings 23 and the reflection 
electrode 22 formed on the organic insulating film 20. 
When patterning, meanwhile, the reflection electrode 

22 in order to form the organic insulating film 20 pos 
sessing bumps 20a on the entire surface of the substrate, 
asperities may be formed in the end portion of the re 
flection electrode 22 due to bumps 20a, which may 
result in defective patterning of the reflection electrode 
22. 

Furthermore, when the reflection electrode 22 is 
formed through the organic insulating film 20 on the 
semiconductor layer 16 of the connecting part on the 
gate electrode 14 which is a distribution electrode 
formed on the substrate, the signal to be applied to the 
reflection electrode 22 is applied to the semiconductor 
layer 16, and the reflection electrode 22 spuriously acts 
like the gate electrode 14, and a channel is formed in the 
interface between the reflection electrode 22 and semi 
conductor layer 16, thereby lowering the characteristic 
of the TFT 11. Besides, a large parasitic capacity is 
generated between the gate electrode 14 and reflection 
electrode 22. These phenomena cause to lower the dis 
play grade. 

SUMMARY OF THE INVENTION 
It is hence a primary object of the invention to pres 

ent a reflection type liquid crystal display device en 
hanced in display quality and its manufacturing method, 
capable of solving the above problems and forming the 
reflector possessing excellent reflective characteristics 
easily and at high reproducibility. 
To achieve the above object, the invention presents a 

reflection type liquid crystal display device composed 
by forming, on the liquid crystal layer side surface on 
one of the substrates of a pair of transparent substrates 
disposed opposedly across a liquid crystal layer, plural 
reflection electrodes as display picture elements for 
reflecting the incident light from the other substrate 
side, and distribution electrodes for applying voltage 
for display to the reflection electrodes, and forming 
common electrodes possessing light transmissivity 
nearly over the entire surface on the liquid crystal layer 
side surface on the other substrate, wherein 

the reflection electrodes are formed on an electric 
insulating film covering the entire surface of the sub 
strate except for the connection parts with the reflec 
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4. 
tion electrodes on the distribution electrodes formed on 
one substrate and possessing plural bumps only in the 
reflection electrode forming regions not overlapping 
with the distribution electrodes. 

In the invention, the bumps are arranged irregularly. 
In the invention, the bumps are formed in a taper 

having a spherical end portion. 
In the invention, the bumps are formed in one or two 

or more different types differing in size. 
In the invention, the height of the bumps is not more 

than 10 um. 
In the invention, the arrangement pattern of bumps is 

identical in each reflection electrode. 
It is another feature of the invention to form a light 

shielding film possessing an electric insulating property 
in the region of connecting part with the reflection 
electrode on the distribution electrode formed on one 
substrate and in the region not overlapping with the 
reflection electrode on the distribution electrode. 
The invention also presents a reflection type liquid 

crystal display device possessing a reflector for reflect 
ing the incident light from the other substrate side, on 
one of the substrates of a pair of substrates disposed 
opposedly across a liquid crystal layer, wherein 

the reflector is formed on an electric insulating film 
formed on plural bumps arranged irregularly at the 
liquid crystal layer side on one substrate. 

In the invention, the plural bumps irregularly ar- . 
ranged at the liquid crystal layer side on one substrate 
are formed in one or two or more different types differ 
ing in size. 

In the invention, the plural bumps irregularly ar 
ranged at the liquid crystal layer side on one substrate 
are formed in a traper having a spherical end portion. 

In the invention, the height of the bumps of the elec 
tric insulating film formed on the plural bumps is not 
more than 10 um. 

In the invention, the plural bumps of the reflector 
arranged irregularly at the liquid crystal layer side on 
one substrate are 20 pum or less in diameter, and occupy 
40% or more of the total area of the reflector. 

In the invention, the reflector is an electrode to be 
used as a display picture element. 
The invention moreover presents a manufacturing 

method of reflection type liquid crystal display device 
possessing a reflector for reflecting the incident light 
from the other substrate side, on one substrate of a pair 
of substrates disposed opposedly across a liquid crystal 
layer, the method comprising 

applying a photosensitive resin to the liquid crystal 
layer side surface of one substrate, 
exposing the photosensitive resin through light 

shielding means having circular light shielding regions 
arranged irregularly, 

developing the photosensitive resin, 
forming plural bumps by heating the photosensitive 

reS1n, 
forming an insulating film covering the plural bumps 

on the obtained plural bumps, and forming the reflector 
made of thin metal film on the insulating film. 

In the invention, the total area of the circular light 
shielding regions of the light shielding means occupy 
40% or more of the total area of the light shielding 
means, and the diameter of the circles arranged irregu 
larly is 20 pum or less. 
According to the invention, in the reflection type 

liquid crystal display device, a liquid crystal layer is 
interposing between a pair of opposing transparent sub 
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strates. At this time, plural reflection electrodes and 
distribution electrodes are formed on the liquid crystal 
layer side surface on one substrate, and common elec 
trodes are formed on the liquid crystal layer side surface 
on the other substrate. The reflection electrodes are 
display picture elements, and the display is presented by 
reflecting the incident light entering through the other 
substrate and common electrodes. The distribution elec 
trodes realized by gate bus wiring, source bus wiring 
and thin film transistor apply the voltage for display to 
the reflection electrodes. The common electrodes 
formed on the other substrate are formed nearly on the 
entire surface of the other substrate. 

In the reflection type liquid crystal display device of 
the invention, the reflection electrodes are formed on 
the insulating film composed of high molecular resin, 
the insulating film covers the entire surface of one sub 
strate, except for the connection parts with reflection 
electrodes, such as the gate bus wiring, source bus wir 
ing and thin film transistor formed on one substrate, and 
drain electrodes of thin film transistor on the distribu 
tion electrodes, and the insulating film has bumps form 
ing only in the reflection electrode forming regions not 
overlapping with the distribution electrodes. Thus, 
since the reflection electrodes are formed on the bumps, 
bumps corresponding to these bumps are also formed on 
the reflection electrode surface. When asperities are 
formed on the light reflection plane, the intensity of 
light scattering in the direction vertical to the display 
screen is increased, for the incident light from all angles, 
so that the display luminance is enhanced, thereby im 
proving the display contrast, which is well known. The 
bumps formed on the insulating film are formed only in 
the regions of forming only the reflection electrodes, 
and not formed on the distribution electrodes, and 
therefore if the recesses among the bumps are formed 
deeply, insulation failure due to contact of reflection 
electrodes and distribution electrodes does not occur. 
Besides, since bumps are not formed on the distribution 
electrodes, there are no asperities at the end position of 
the reflection electrodes, so that the reflection elec 
trodes may be patterned favorably. 

In the invention, the bumps are arranged irregularly, 
and the shape of the bumps are tapered and the front 
end portion is formed in a spherical shape, and more 
over the bumps are formed in one or two or more differ 
ent types differing in size. All these means are effective, 
same as mentioned above, to increase the intensity of 
light scattering in the direction vertical to the display 
screen, for the incident light from all angles. 
The height of the bumps of the invention is not more 

than 10 p.m. Usually, the thickness of the cell of the 
reflection type liquid crystal display device is 10 um or 
less, and by defining the height of the bumps less than 
the cell thickness, cells may be formed uniformly, and it 
has the same effect as mentioned above to increase the 
intensity of the light scattering in the direction vertical 
to the display screen, for the incident light from all 
angles. 
The arrangement pattern of bumps of the invention is 

identical in each reflection electrode, and it is not neces 
sary to form arrangement patterns on every reflection 
electrode, and when one arrangement pattern is formed, 
the bumps may be formed in all regions forming only 
the reflection electrodes. 
Moreover in the invention, a light shielding film pos 

sessing an electric insulating property is formed in the 
region of connecting part with the reflection electrode 
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6 
on the distribution electrode formed on one substrate 
and in the region not overlapping with the reflection 
electrode on the distribution electrode. As a result, the 
reflected light in other portions than the reflection elec 
trode is shielded. 
According to the invention, in the reflection type 

liquid crystal display device possessing a reflector for 
reflecting the incident light from the other substrate on 
one substrate of a pair of substrates disposed opposedly 
across a liquid crystal layer, the reflector is formed on 
an insulating film formed on the bumps arranged irregu 
larly at the liquid crystal layer side of one substrate. 
Hence the reflector has irregular bumps corresponding 
to the bumps of the insulating film. The shape of the 
insulating film may be controlled easily, uniformly and 
at high reproducibility. Since the bumps of the reflector 
are formed corresponding to the irregular bumps on the 
insulating film formed easily, the reflector of excellent 
reflective characteristics may be formed. 

In the invention, the bumps are arranged irregularly, 
and the shape of the bumps are tapered and the front 
end portion is formed in a spherical shape, and more 
over the bumps are formed in one or two or more differ 
ent types differing in size. All these means are effective, 
same as mentioned above, to increase the intensity of 
light scattering in the direction vertical to the display 
screen, for the incident light from all angles. 

In the invention, the plural bumps arranged irregu 
larly at the liquid crystal side of one substrate are 
formed the frontend portion in a spherical shape, which 
is effective, same as mentioned above, for increasing the 
intensity of the light scattered in the direction vertical 
to the display screen, for the incident light from all 
angles. 
The height of the bumps of the invention is not more 

than 10 pum. Usually, the thickness of the cell of the 
reflection type liquid crystal display device is 10 pum or 
less, and by defining the height of the bumps less than 
the cell thickness, cells may be formed uniformly, and it 
has the same effect as mentioned above to increase the 
intensity of the light scattering in the direction vertical 
to the display screen, for the incident light from all 
angles. 

In the invention, the plural bumps arranged at the 
liquid crystal side surface of one substrate are 20 p.m or 
less in diameter, and occupy 40% or more of the total 
area of the reflector, and the reflector is formed on the 
bumps through an electric insulating film, so that a high 
reflectivity may be obtained. 
The reflector may be also used as an electrode which 

is a display picture element. In this case, without any 
parallax, a favorable display is realized. 
According to the invention, in the reflection type 

liquid crystal display device possessing a reflector for 
reflecting the incident light from the other substrate, on 
one substrate of a pair of substrates disposed opposedly 
across a liquid crystal layer, a photosensitive resin is 
applied at the liquid crystal layer side on one substrate. 
The photosensitive resin is heated after being exposed 
through light shielding means forming light shielding 
regions arranged irregularly and developed, and irregu 
lar bumps made of photosensitive resin are formed on 
one substrate. On the bumps, an insulating film is 
formed so as to cover one substrate, and the insulating 
film is shaped corresponding to the bumps. Further 
thereon, the reflector made of metal thin film is formed 
along the bumps of the insulating film surface. 
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The bumps on the reflector surface correspond to the 
bumps formed by the photosensitive resin. The shape of 
the photosensitive resin may be controlled easily, uni 
formly and at high reproducibility. Thus, since the 
bumps of the reflector are formed corresponding to the 
irregular bumps of the easily formed insulating film, the 
reflector of excellent reflective characteristic may be 
formed. 

In the invention, the total area of the light shielding 
regions occupy 40% or more in the total area of the 
circular light shielding means, and 20 pum or less in the 
diameter of the circles arranged irregularly, so that a 
high reflectivity may be obtained. 

In the invention, the reflection electrodes are formed 
on the insulating film possessing plural bumps only in 
the reflection electrode forming region not overlapping 
with the distribution electrodes. If defective forming of 
the bumps on the insulating film occurs, since bumps are 
not formed on the distribution electrodes, insulation 
failure between the reflection electrodes and distribu 
tion electrodes does not occur. 
As mentioned above, the insulating film at the end of 

the reflection electrodes is flat, not forming bumps, so 
that patterning of reflection electrodes may be favor 
able. Therefore, the display quality is enhanced. The 
bumps are formed irregularly, and the shape of the 
bumps is tapered with spherical front ends, and the 
bumps are formed in one or two or more types different 
in size, and therefore the intensity of light scattering in 
the direction vertical to the display screen is increased 
for the incident light from all angles, and the display 
luminance is improved, and the display contrast is 
heightened, so that the display quality may be en 
hanced. 
The arrangement pattern of bumps of the invention 

may be identical on each reflection electrode, and only 
one type of arrangement pattern is enough for forming 
bumps, and it is easy to form bumps. 

Further according to the invention, since the re 
flected light in other portions than the reflection elec 
trode is shielded by forming a light shielding film pos 
sessing an electric insulating property on one substrate, 
leak of light unnecessary for display may be prevented, 
and a reflection type liquid crystal display device excel 
lent in contrast is realized. In addition, as compared 
with the case of forming a light shielding film on the 
other substrate, a wider margin is allowed when pasting 
the substrates, and lowering of the aperture rate due to 
deviation in pasting may be decreased, so that a bright 
display may be realized. 
According to the invention, on the insulating film 

forming along the bumps, on the irregular plural bumps 
obtained by exposing, developing and heating the pho 
tosensitive resin, the reflector made of metal thin film is 
formed along the bumps of the insulating film. The 
shape of the reflector is determined by the shape of the 
photosensitive resin. The photosensitive resin may be 
controlled easily, uniformly and at high reproducibility, 
and hence the reflector having excellent reflective char 
acteristics may be easily formed, and the display quality 
of the reflection type liquid crystal display device is 
enhanced. 

Since the reflector is formed along the plural bumps 
arranged irregularly, a favorable reflective characteris 
tic is obtained, and the display quality of the reflection 
type liquid crystal display device is much enhanced. 

If the reflector is an electrode which is used as a 
display picture element, parallax is eliminated, and 
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8 
hence the display quality of the reflection type liquid 
crystal display device is further enhanced. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Other and further objects, features, and advantages of 
the invention will be more explicit from the following 
detailed description taken with reference to the draw 
ings wherein: 

FIG. 1 is a plan view of a substrate 2 having a thin 
film transistor 1 which is a switching element used in 
active matrix system. 
FIG. 2 is a sectional view of XI-XI in FIG. 1. 
FIG. 3 is a plan view of a substrate 12 having a thin 

film transistor 11 which is a switching element used in 
active matrix system. 

FIG. 4 is a sectional view of XII-XII in FIG. 3. 
FIG. 5 is a sectional view of a reflection type liquid 

crystal display device 30 as an embodiment of the inven 
tion. 
FIG. 6 is a plan view of a substrate 31 shown in FIG. 

5. 
FIG. 7 is a process chart for explaining the method 

for forming a reflection electrode 38 having asperities 
on the substrate 31 shown in FIG. 5 and FIG. 6. 
FIGS. 8(1), 8(2), 8(3) and 8(4) are a sectional view for 

explaining the forming method in FIG. 7. 
FIG. 9 is a plan view of a mask 51 used at steps7 in 

F.G. 7. 
FIG. 10 is a sectional view showing a measuring 

method of reflective characteristic of a substrate 52 
having a reflection electrode 38. 
FIG. 11 is a graph showing reflective characteristics 

60, 61 of reflection type active matrix substrates 52, 59 
of the invention. 
FIG. 12 is a graph of CIE chromaticity chart of the 

colors of reflected light corresponding to a white light 
source in a reflection type liquid crystal display device 
30 in an embodiment of the invention. 

FIG. 13 is a plan view of a substrate 31 showing other 
embodiment of the invention. 

FIG. 14 is a sectional view of a reflection type liquid 
crystal display device 30 in other different embodiment 
of the invention. 
FIG. 15 is a plan view of a substrate 131 shown in 

FIG. 14. 
FIG. 16 is a process chart for explaining a method of 

forming a reflection electrode 138 having bumps shown 
in FIG. 14 and FIG. 15. 
FIGS. 17(1), 17(2), 17(3), 17(4) and 17(5) are a sec 

tional view for explaining the forming method in FIG. 
16. 
FIG. 18 is a plan view of a mask 151 used at step as 

in FIG. 16. 
FIG. 19 is a process chart for explaining a manufac 

turing process of a reflector 170 used in measurement of 
reflective characteristic of a reflection type liquid crys 
tal display device 130 of the invention. 
FIGS. 2001), 2002), 2003), 2004), 2005) and 2006) are a 

sectional view for explaining the process in FIG. 19. 
FIG. 21 is a perspective view for explaining the mea 

suring method of reflective characteristic of a reflector 
170. 

FIG. 22 is a graph showing the relation between 
incident angle 6 and reflection intensity. 
FIGS. 23(a) and 23(b) are a drawing showing a pref. 

erable mask 151. 
FIG. 24 is a graph showing the relation between the 

incident angle 6 and reflective intensity in a reflective 
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thin film 75 composed of masks 151 of which light 
shielding regions 151a, 151b are 40% or more. 

FIG. 25 is a graph showing the relation between the 
incident angle 0 and reflective intensity in a reflective 
thin film 75 composed of masks 51, 151 of which light 
shielding regions 151a, 151b are 35%. 
FIG. 26 is a graph showing the relation between the 

rate of light shielding regions 151a, 151b and the reflec 
tivity. 
FIG. 27 is a plan view for explaining a further differ 

ent embodiment of the invention. 
FIGS. 28(1), 28(2) and 28(3) are a sectional view for 

explaining the forming method of a black light shielding 
layer 71. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Now referring to the drawing, preferred embodi 
ments of the invention are described below. 
FIG. 5 is a sectional view of a reflection type liquid 

crystal display device in an embodiment of the inven 
tion, and FIG. 6 is a plan view of a substrate 31 shown 
in FIG. 5. On an insulating substrate 31 made of glass or 
the like, plural gate bus wirings 32 made of chromium, 
tantalum or the like are disposed parallel mutually, and 
gate electrodes 33 are branched off from the gate bus 
wirings 32. The gate bus wirings 32 function as scanning 
lines. 
Covering the gate electrode 33, a gate insulating film 

34 made of silicon nitride (SiNx), silicon oxide (SiOx) or 
the like is formed on the entire surface of the substrate 
31. On the gate insulating film 34 above the gate elec 
trode 33, a semiconductor layer 35 made of amorphous 
silicon (a-Si), polycrystalline silicon, CdSe or the like is 
formed. At both ends of the semiconductor layer 35, 
contact electrodes 41 made of a-Si or the like are 
formed. On one contact electrode 41, a source electrode 
36 made of titanium, molybdenum, aluminum or the like 
is superposed, and on the other contact electrode 41 is 
superposed a drain electrode 37 made of titanium, mo 
lybdenum, aluminum or the like, same as the source 
electrode 36. 
As shown in FIG. 6, source bus wirings 39 crossing 

the gate bus wirings 32 across the gate insulating film 34 
are connected to the source electrode 36. The source 
bus wirings 39 function as signal lines. The source bus 
wirings 39 are also made of same metal as the source 
electrode 36. The gate electrode 33, gate insulating film 
34, semiconductor layer 35, source electrode 36, and 
drain electrode 37 compose a thin film transistor (TFT) 
40, and this TFT 4.0 possesses the function of switching 
element. 
Covering the gate bus wirings 32, source bus wirings 

39 and TFT 40, an organic insulating film 42 is formed 
on the entire surface on the substrate 31. In the region 
for forming reflection electrodes on the organic insulat 
ing film 42, bumps 42a of height H in a tapered form 
with spherical ends are formed, and contact holes 43 are 
formed in the parts of the drain electrodes 37. In rela 
tion to the forming method of the organic insulating 
film 42, process problems for forming contact holes 43 
therein, and to decrease fluctuations of cell thickness 
when forming the liquid crystal display device 30, the 
height H of the bumps 42a is desired to be 10 um or less. 
(Generally, the cell thickness is 10 um or less.) On the 
bumps 42a forming region of the organic insulating film 
42, reflection electrodes 38 composed of aluminum, 
silver or the like are formed, and the reflection elec 
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10 
trodes 38 are connected with drain electrodes 37 in the 
contact holes 43. An orientation film 44 is formed fur 
ther thereon. 
A color filter 46 is formed on a substrate 45. A ma 

genta or green filter 46a is formed at the position con 
fronting the reflection electrode 38 on the substrate 31 
of the color filter 46, and a black filter 46b is formed at 
the position not confronting the reflection electrode 38. 
On the entire surface of the color filter 46, a transparent 
electrode 47 made of ITO (indium tin oxide) or the like 
is formed, and an orientation film 48 is formed further 
thereon. 
The both substrates 31, 45 are adhered face to face 

together so that the reflection electrodes 38 and filters 
46a may coincide with each other, and liquid crystal 49 
is injected between them, and the reflection type liquid 
crystal display device 30 is completed. 

FIG. 7 is a process chart for explaining the method of 
forming undulated reflection electrodes 38 shown in 
FIG. 5 and FIG. 6 on the substrate 31, and FIG. 8 is a 
sectional view for explaining the forming method in 
FIG. 7, and FIG. 9 is a plan view of a mask 51 used at 
steps7 in FIG. 7. FIG. 8(1) relates to step s4 in FIG. 7, 
FIG. 8(2) relate to steps7 in FIG. 7, FIG. 8(3) relates to 
step s8 in FIG. 7, and FIG. 8(4) relates to step s9 in FIG. 
7. 
At step s1, a tantalum metal layer of 3000 A in thick 

ness is formed on an insulating substrate 31 made of 
glass or the like by sputtering method, and this metal 
layer is patterned by photolithographic method and 
etching, and gate bus wirings 32 and gate electrodes 33 
are formed. At step s2, a gate insulating film 34 made of 
silicon nitride in a thickness of 4000 A is formed by 
plasma CVD method. 
At step s3, a 1000A thicka-Silayer as semiconductor 

layer 35, and a 400A thick n type a-Silayer as contact 
layer 41 are formed continuously in this order. By pat 
tering the formed in a-Silayer and a-Silayer, the semi 
conductor layer 35 and contact layer 41 are formed. At 
step s4, by forming a 2000 A thick molybdenum metal 
on the entire surface of the substrate 31 by sputtering 
method, the molybdenum metal layer is patterned to 
form source electrodes 36, drain electrodes 37, and 
source bus wirings 39, thereby completing a TFT 40. 
FIG. 8(1) is a sectional view of a substrate 31 forming 
the TFT 40 after the end of processing up to step s4. 
At step s5, polyimide resin is formed in a thickness of 

2 um on the entire surface on the substrate 31 forming 
the TFT 40, and an organic insulating film 42 is formed. 
At step sé, contact holes 43 are formed in the organic 
insulating film 42 by photolithorgraphy and dry etching 
method. At step s7, applying a photo resist 50 on the 
organic insulating film 42, bumps 50a are patterned in 
the region for forming reflection electrodes 38 by using 
the mask 51 shown in FIG. 9. To smooth out the cor 
ners of the bumps 50a, heat treatment is conducted in a 
range of 120° C. to 250 C. In this embodiment, heat 
treatment at 200 C. was performed for 30 minutes. 
FIG. 8(2) is a sectional view of the substrate 31 at the 
end of processing up to steps7. In the mask 51, circular 
light shielding regions 51a indicated in shaded area in 
FIG. 9 are formed irregularly in the region for forming 
the reflection electrodes 38. 
At step s8, as shown in FIG. 8(3), by etching the 

organic insulating film 42 according to the photo resist 
50, bumps 42a in a height H of 0.5 pum are formed. At 
this time, since the photo resist 50 has been heated to 
smooth out the corners of the bumps 50a, the bumps 42a 
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are also formed in a smooth form free of corners. Be 
sides, the contact holes 43 and organic insulating film 42 
on the TFT 40 are protected with photo resist 50, and 
are not etched. 
At step s9, an aluminum layer is formed on the entire 

surface on the organic insulating film 42, and reflection 
electrodes 38 are formed on the bumps 42a as shown in 
FIG. 8(4). The substrate 31 in this state is the substrate 
52 having reflection electrodes 38. The reflection elec 
trodes 38 are connected to the drain electrodes 37 of the 
TFT 40 through contact holes 43 formed in the organic 
insulating film 42. 

It has been confirmed that the shape of the bumps 42a 
on the organic insulating film 42 can be controlled by 
the shape of the mask 51, thickness of photo resist 50, 
and time of dry etching. 

After the above steps, the substrate 52 having reflec 
tion electrodes 38 is obtained. In this manufacturing 
process, by extending the dry etching time of the or 
ganic insulating film 42, a substrate 31 having bumps 
42a in height H of 1 um may be also obtained, and the 
substrate 31 having reflection electrodes 38 in height H 
of 1 um is supposed to be substrate 59. 
The electrodes 47 formed on the other substrate 45 

shown in FIG. 5 are composed of, for example, ITO, 
and 1000A in thickness. The orientation films 44, 48 are 
formed by applying and baking polyimide or the like. 
Between the substrates 31 and 45, a space is formed for 
packing with liquid crystal 49 by, for example, screen 
printing of adhesive sealant not shown mixing in a 7 um 
spacer, and the liquid crystal 49 is injected by evacuat 
ing the space. As the liquid crystal 49, for example, a 
guest-host liquid crystal mixing black pigment (Merck, 
tradename ZLI2327) is mixed with 4.5% of optical 
active substance (Merck, tradename S811). 
FIG. 10 is a sectional view showing a method for 

measuring the reflective characteristics of the substrates 
52, 59 having reflection electrodes 38. A glass substrate 
54 is adhered tightly to the substrates 52, 59 having 
reflection electrodes 38 through a ultraviolet setting 
adhesive resin 53, and a measuring apparatus 55 is 
formed. In the reflection type liquid crystal display 
device 30, since the refractive index of the substrate 45 
and liquid crystal 49 is both about 1.5, the ultraviolet 
setting adhesive resin 53 and substrate 54 with refrac 
tive index of about 1.5 are used. On the substrate 54, a 
photo multimeter 56 for measuring the light intensity is 
disposed. The photo multimeter 56 is fixed in the nor 
mal direction of the substrate 31 so as to detect the 
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scattered light 58 reflecting in the normal direction of 50 
the substrate 31, out of the incident light 57 entering the 
reflection electrodes 38 at an incident angle 8 to the to 
the substrate 31. 
By measuring the scattered light 58 by the reflection 

electrodes 38 by varying the incident angle 6 of the 
incident light 57 entering the measuring apparatus 55, 
the reflective characteristic of the reflection electrodes 
38 is obtained. This result of measurement has been 
confirmed to be same as the reflective characteristic on 
the boundary of the reflection electrodes 38 in the re 
flection type liquid crystal display device 30 and the 
liquid crystal layer 49 or the like. 

FIG. 11 is a graph showing the reflective characteris 
tics of the substrates 52, 59 having the reflection elec 
trodes in the embodiment. The reflective characteristic 
of the substrate 52 is represented by the curve 60, while 
the reflective characteristic of the substrate 59 is indi 
cated by the curve 61. In FIG. 11, the reflection inten 
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sity of the light entering at an incident angle 6 is ex 
pressed as the distance from the origin O in the direc 
tion of angle 0 to the line of 0=0. The curve 62 indi 
cated by broken line in FIG. 11 refers to the reflective 
characteristic measured of standard white panel (mag 
netium oxide). The curve 60 representing the reflective 
characteristic of the substrate 52 is large in the reflectiv 
ity in the normal direction of the substrate when the 
incident angle is small, and is small in the reflectivity in 
the normal direction when the incident angle is large. 
As compared with this directivity, the curve 61 show 
ing the reflective characteristic of the substrate 59 is 
known to have a similar characteristic to the curve 62 
showing the reflective characteristic of the standard 
white panel. 

Thus, by controlling the dry etching time, the reflec 
tive characteristics 60, 61 can be controlled. Besides, by 
varying the rate of occupation of the light shielding 
region 51a of the mask 51, the size of the normal reflec 
tion component may be controlled. 
The reflectivity was measured by putting the photo 

multimeter 56 on the reflection type liquid crystal dis 
play device 30. The reflectivity is obtained by determin 
ing the ratio of the intensity of the diffuse light 58 in the 
normal direction of the reflection type liquid crystal 
display device 30, to the diffuse light 58 in the normal 
direction on the standard white panel at the incident 
angle 8 of the incident light 57 of 30'. When voltage 
was applied, the reflectivity of the reflection type liquid 
crystal display device 30 to the incident light of the 
incident angle 6=30 was about 20%, which was con 
siderably bright, and the contrast ratio was 5. 
FIG. 12 is a graph of CIE chromaticity chart of the 

color of reflected light to the white light source of the 
reflection type liquid crystal display device 30 in an 
embodiment of the invention. Point W1 indicates a 
white light source, point W2 denotes the white color 
displayed by the reflection type liquid crystal display 
device 30, point G represents the green color displayed 
by the reflection type liquid crystal display device 30, 
and point M indicates the magenta displayed by the 
reflection type liquid crystal display device 30. It is 
known that the point W2 indicating the white color of 
the reflection type liquid crystal display device 30 is 
close to point W1 indicating the white light source. 

In the reflection type liquid crystal display device 30 
of the embodiment, since the surface forming the reflec 
tion electrodes 38 is positioned at the liquid crystal 49 
side, parallax is eliminated, and a favorable display 
screen is obtained. Besides, in the embodiment, since the 
reflection electrodes 38 having asperities are disposed at 
the positions of the liquid crystal 49 layer side or nearly 
adjacent to the liquid crystal 49 layer, the height H of 
the bumps 42a is smaller than the cell thickness, and the 
slant angle of the bumps is as moderate as not to disturb 
the orientation of the liquid crystal. 

In the foregoing embodiment, meanwhile, the or 
ganic insulating film 42 was patterned by dry etching 
method, but wet etching method using alkaline solution 
may be also possible when the organic insulating film 42 
is a polyimide resin. Instead of polyimide resin as the 
organic insulating material 42, acrylic resin or other 
organic material may be also used. In the embodiment, 
glass and other transparent material is used for the sub 
strates 31, 45, but similar effects are obtained by using 
opaque materials such as silicon substrate, and in this 
case it is advantageous because the circuit may be inte 
grated on the substrate. 
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In the embodiment, incidentally, the display mode is 
represented by the phase transition type guest-host 
mode, but it is not limitative, and similar effects are 
obtained by other modes, including other light absorp 
tion mode such as two-layer guest-host method, light 
scattering type display mode such as high polymer 
dispersion type liquid crystal display device, and double 
refraction display mode used in ferrodielectric liquid 
crystal display device. Instead of the TFT 40 used as the 
switching element in the embodiment, the invention 
may be also applied to an active matrix substrate using 
MIM (metal-insulator-metal) element, diode, varistor, 
etc. 

FIG. 13 is a plan view of a substrate 31 in other em 
bodiment of the invention. On the reflection electrodes 
38, irregular circular bumps 38a are formed irregularly 
through bumps 42a formed on the organic insulating 
film 42. However, the irregularity of the bumps 38a of 
the reflecting electrode 38 is identical in any reflection 
electrode 38. This is because the light shielding region 
51a of same pattern is formed at the position corre 
sponding to each reflection electrode 38 of the photo 
mask 51 used in forming the bumps 42a on the organic 
insulating film 42. 
Although different patterns may be designed at posi 

tions corresponding to the reflection electrodes 38 of 
the photo mask 51 for forming the bumps 42a, the quan 
tity of data required for forming patterns increased in 
such method, thereby making it difficult to produce 
photo mask 51. In this embodiment, however, since 
identical patterns are formed on the photo mask 51 at 
the positions corresponding to the reflection electrodes 
38, it is enough to form a pattern corresponding to one 
reflection electrode 38 only, and it is easier to manufac 
ture the photo mask 51. 
The bumps 42a shown in FIG. 13 are formed by using 

a mask pattern having two circles arranged irregularly. 
The size of the bumps 38a is, for example, 5um and 10 
um in diameter of circles, and 0.6 pum in height, and 
they are formed at random only in a pattern corre 
sponding to one reflection electrode 38, and the remain 
ing picture elements are its repeated patterns. For exam 
ple, a monochromatic reflection type liquid crystal dis 
play device with picture element size of 300 umx300 
um, number of picture elements of 320x240, and diago 
nal size of 5 inches was fabricated. 
The constitution of the reflection type liquid crystal 

display device 30, method of forming the bumps 40a, 
display mode and others are same as in the foregoing 
embodiment. As a result, the display at the time of full 
lighting was a favorable white color, free from colors 
due to interference with adjacent picture elements. 

In the case of a greater number of reflection elec 
trodes 38 and smaller pitches of the reflection elec 
trodes 38, in particular, where the interference color 
with the picture elements formed by the adjacent reflec 
tion electrodes 38 matters, the photo mask 31 may be 
formed by combining two or more patterns. 
Thus, according to this embodiment, since asperities 

are formed only in the portions of the reflection elec 
trodes, insulation failure of source bus wirings and re 
flection electrodes does not occur, and since the organic 
insulating film in the end portions of the reflection elec 
trodes is free from asperities and is flat, patterning fail 
ure does not occur, and the display quality of the reflec 
tion type liquid crystal display device is enhanced. Be 
sides, the bumps formed in the reflection electrode parts 
are arranged irregularly, and are tapered with spherical 
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ends, shaped in one or two or more types differing in 
size, and therefore the intensity of the diffuse light in the 
normal direction of the reflection type liquid crystal 
display device is enhanced. 
Also in the embodiment, since the arrangement pat 

tern of the bumps is identical in each reflection elec 
trode, it is easy to form bumps. 
FIG. 14 is a sectional view of a reflection type liquid 

crystal display device 130 in a further different embodi 
ment of the invention, and FIG. 15 is a plan view of a 
substrate 131 shown in FIG. 14. On an insulating sub 
strate 131 made of glass or the like, plural gate bus 
wirings 132 made of chromium, tantalum, or the like are 
disposed parallel mutually, and gate electrode 133 are 
branched off from the gate bus wirings 132. The gate 
bus wirings 132 function as scanning lines. 

Covering the gate electrode 133, a gate insulating 
film 134 made of silicon nitride (SiNx), silicon oxide 
(SiOx), or the like is formed on the entire surface on the 
substrate 131. On the gate insulating film 134 above the 
gate electrodes 133, a semiconductor layer 135 com 
posed of amorphous silicon (a-Si), polycrystalline sili 
con, CdSe or the like is formed. At both ends of the 
semiconductor layer 135, contact electrodes 141 con 
posed of a-Si or the like are formed. On one contact 
electrode 141 is superposed a source electrode 136 made 
of titanium, molybdenum, aluminum or the like, and on 
the other contact layer 141 is superposed a drain elec 
trode 137 made of titanium, molybdenum, aluminum or 
the like, same as the source electrode 136. 
As shown in FIG. 15, source bus wirings 139 crossing 

the gate bus wirings 132 across the gate insulating film 
134 are connected to the source electrodes 136. The 
source bus wirings 139 function as signal lines. The 
source bus wirings 139 are also made of the same metal 
as the source electrodes 136. The gate electrodes 133, 
gate insulating film 134, semiconductor layer 135, 
source electrodes 136, and drain electrodes 137 com 
pose a thin film transistor (TFT) 140, and the TFT 140 
possesses the function of switching element. 

In the region of forming the reflection electrodes 138, 
plural bumps 142a are formed irregularly. Covering the 
gate bus wirings 132, source bus wirings 139, TFT 140 
and bumps 142a, an organic insulating film 142 is 
formed on the entire surface of the substrate 131. Bumps 
142b corresponding to the bumps 142a are formed on 
the organic insulating film 142. Contact holes 143 are 
formed in the parts of the drain electrodes 137. To de 
crease the fluctuations of the cell thickness when form 
ing the liquid crystal display device 130, the height H1 
of the bumps 142b is desired to be smaller than the 
thickness of the cell or 10 p.m or less (generally, the cell 
thickness is 10 p.m or less). The pitch of the bumps 142a 
is desired to be 100 pum or less. On the organic insulating 
film 142 forming the bumps 142a, reflection electrodes 
139 composed of aluminum, silver or the like are 
formed, and the reflection electrodes 138 are connected 
to the drain electrodes 137 in the contact holes 143. 
Furthermore, an orientation film 144 is formed thereon. 
The reflection electrodes 138 are formed so as to be 

superposed on part of the gate bus wirings 132 and part 
of source bus wirings 139 through the organic insulating 
film 142 as shown in FIG. 15. Accordingly, the area of 
the reflection electrodes 138 may be increased, and the 
aperture rate of the display screen is larger, and a bright 
display is realized. To eliminate patterning failure of the 
reflection electrodes 138, bumps 142a may not be 
formed in the end portions of the reflection electrodes 
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138. If insulation failure of the reflection electrodes 138, 
gate bus wirings 132 and source bus wirings 139 occurs, 
bumps 142a may not be formed in the superposing parts. 
A color filter 146 is formed on the substrate 145. A 

Imagenta or green filter 146a is formed at a position 
corresponding to the reflection electrodes 138 of the 
substrate 131 of the color filter 146, and a black filter 
146b is formed at a position not corresponding to the 
reflection electrode 138. On the entire surface of the 
color filter 146, a transparent electrode made of ITO 
(indium tin oxide) or the like is formed, and an orienta 
tion film 148 is formed further thereon. 
The both substrates 131, 145 are glued face to face so 

that the reflection electrodes 138 and filter 146a may 
coincide, and liquid crystal 149 is injected between 
them to complete the reflection type liquid crystal dis 
play device 130. 

FIG. 16 is a process chart showing the method of 
forming reflection electrodes 138 having bumps as 
shown in FIG. 14 and FIG. 15 on the substrate 131, 
FIG. 17 is a sectional view for explaining the forming 
method shown in FIG. 16, and FIG. 18 is a plan view of 
a mask 151 used at step as in FIG. 16. FIG. 17(1) relates 
to step a4 in FIG. 16, FIG. 17(2) relate to step a5 in 
FIG. 16, FIG. 17(3) relates to step a6 in FIG. 16, FIG. 
17(4) relates to step as in FIG.16, and FIG. 17(5) relates 
to step a9 in FIG. 16. 
At step a1, a tantalum metal layer in a thickness of 

3000A is formed on the insulating substrate 131 made of 
glass or the like by sputtering method, and this metal 
layer is patterned by photolithography and etching to 
form gate bus wirings 132 and gate electrode 133. At 
step a2, a gate insulating film 134 made of silicon nitride 
in a thickness of 4000 A is formed by plasma CVD 
method. d 

At step a3, a 1000A thick a-silayer as semiconductor 
layer 135, and a 400 A thick n + type a-Si layer as 
contact layer 141 are formed continuously in this order. 
By patterning the formed in type a-Silayer and a-Si 
layer, the semiconductor layer 135 and contact layer 
141 are formed. At step a4, a 2000A thick molybdenum 
metal is formed on the entire surface of the substrate 131 
by sputtering method, and by patterning the molybde 
num metal layer, the source electrodes 136, drain elec 
trodes 137, and source bus wirings 139 are formed, 
thereby completing the TFT 140. FIG. 17(1) is a sec 
tional view of the substrate 131 forming the TFT 140 
after the end of processing up to step a4. 
At step as, photo resist (OFPR-800) is applied in a 

thickness of 1200 A on the whole surface of the sub 
strate 141 forming the TFT 140, and bumps 142a are 
formed as shown in FIG. 17(2) by using the mask 151 
shown in FIG. 18. In the mask 151, circular light shield 
ing regions 151a, 151b indicated in shaded areas in FIG. 
18 are irregularly formed in the region for forming 
reflection electrodes 138. The diameter D1 of the light 
shielding region 151a is formed longer than the diame 
ter D2 of the light shielding region 151b. For example, 
D1 is 10 pum and D2 is 5 p.m. The diameters D1, D2 are 
preferably 20 pum or less. In this embodiment, the mask 
151 having two types of light shielding regions 151a, 
151b is used, but the mask 151 is not limited to this 
version only. The light shielding region may be only 
one circle, or three or more circles. Afterward, by heat 
treatment, the bumps 142a are formed in a smooth form 
being rid of sharp corners as shown in FIG. 17(2). 
At step a6, a polyimide resin is applied in a thickness 

of 1 um on the entire surface of the substrate 131, and 
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the organic insulating film 142 is formed as shown in 
FIG. 17(3). At step a7, contact holes 143 are formed in 
the organic insulating film 142 by photolithography and 
dry etching method. 
At step a8, a metal thin film composed of aluminum is 

formed as shown in FIG. 17(4) on the entire surface of 
the organic insulating film 142 possessing bumps 142b, 
and at step a9, as shown in FIG. 17(5), the reflection 
electrodes 138 are patterned on the bumps 142b. The 
reflection electrodes 138 are connected to the drain 
electrodes 138 of the TFT 140 through the contact 
holes 143 formed in the organic insulating film 142. At 
the time of patterning of the reflection electrodes 138, 
the bumps 142a composed of photo resist beneath the 
organic insulating film 142 are confirmed to be free 
from any change even by passing through the steps of 
exposure, development, aluminum etching, and resist 
peeling. 

It has been also confirmed that the shape of the 
bumps 142a can be controlled by the shape of the mask 
151 and the thickness of the photo resist as the bumps 
142a. The sharp corners of the bumps 142a may be 
removed easily by heat treatment after forming the 
bumps 142a. 
The electrodes 147 formed on the other substrate 145 

shown in FIG. 14 are composed of, for example, ITO, 
and 1000A in thickness. Orientation films 144, 148 on 
the electrodes 138, 147 are formed by applying and 
baking the polyimide or the like. Between the substrates 
131, 145, there is formed a space for injecting liquid 
crystal 149 by screen printing of adhesive sealant not 
shown, mixing a spacer of, for example, 7 pm, and by 
evacuating the space, the liquid crystal 149 is injected. 
As the liquid crystal 149, for example, guest-host liquid 
crystal mixing black pigment (Merck, tradename 
ZLI2327) is blended with 4.5% of optical active sub 
stance (Merck, tradename S811). 
FIG. 19 is a process chart for explaining the manufac 

turing process of the reflector 170 used in the measure 
ment of reflective characteristic of the reflection type 
liquid crystal display device 130 of the invention, and 
FIG. 20 is a sectional view for explaining the steps in 
FIG. 19. At step b1, as shown in FIG. 2001), as resist 
material, for example, OFPR-800 (Tokyo Ohka Kogyo 
Co., LTD) is applied on one surface of 1.1 mm thick 
glass 171 (Corning, tradename 7059), by spin coating at 
500 to 3000 rpm. In this embodiment, the resist 172 was 
formed into a 1.2 um film by applying for 30 seconds at 
3000 rpm. At step b2, the resist 172 is prebaked for 30 
minutes at 100° C., and at step b3, as shown in FIG. 
2002), the photo mask 151 having circular light shield 
ing regions 151a, 151b is put on the resist 172 to expose, 
and at step b4, as shown in FIG.20(3), the resist 172 is 
developed to form irregular circular bumps 174 on the 
surface of the substrate 171. As the developing solution, 
2.38% NMD-3 (Tokyo Ohka Kogyo Co., LTD) was 
used. 
At step b5, by heat treatment of the bumps 174 on the 

glass substrate 171 at 120 to 250° C. preferably, smooth 
bumps 174 being rid of sharp corners are formed as 
shown in FIG. 2004). In this embodiment, heat treat 
ment was conducted for 30 minutes at 180 C. At step 
b6, as shown in FIG. 2005), an organic insulating film 
174a is formed on the substrate 171 forming the bumps 
174. As the organic insulating film 174, polyimide resin 
is applied by spin coating for 20 seconds preferably at 
920 to 3500 rpm. In the embodiment, applying for 20 
minutes at 220 rpm, a 1 um thick organic insulating film 



5,408,345 
17 

174a was formed. On the organic insulating film 174a, 
bumps corresponding to the bumps 174 are formed, but 
they are smoother than the bumps 174. At step b7, as 
shown in FIG.20(6), a metal thin film 175 is formed on 
the organic insulating film 174a. As the metal thin film 
175, aluminum, nickel, chromium, silver, or copper may 
be used. The thickness of the metal thin film 175 is 
preferably about 0.01 to 1.0 lum. In this embodiment, the 
metal thin film 175 was formed by vacuum deposition of 
aluminum. Since the metal thin film 175 is formed on the 
organic insulating film 174a formed along the bumps 
174, it possesses irregular circular bumps 175a corre 
sponding to the bumps 174. Thus, the reflector 170 was 
obtained. 

FIG. 21 is a side view for explaining the method of 
measuring the reflective characteristic of the reflector 
170. Usually, the refractive index of the substrates 131, 
145 and liquid crystal 149 layer used in the liquid crystal 
display device is about 1.5. Assuming a constitution in 
which the surface of the reflector 170 contacts with the 
layer of liquid crystal 149, using an ultraviolet setting 
resin 177 with refractive index of 1.5, the glass substrate 
176 was fitted tightly to the reflector 170, and the reflec 
tive characteristic of the reflector 170 was measured. As 
a result of the measurement it has been confirmed that 
the same results as the reflective characteristic in the 
boundary of the surface of the reflector 175 and liquid 
crystal 149 layer is obtained. 
As shown in FIG. 21, the reflective characteristic is 

measured by detecting the scattered light 180 of the 
incident light 179 entering the reflector 170 by means of 
a photo multimeter 178. The incident light 170 enters 
the reflector 170 at an angle 0 to its normal line. The 
photo multimeter 178 is fixed in the normal direction of 
the reflector 170 passing the point where the incident 
light 179 on the metal thin film 175 is emitted. By vary 
ing the incident angle 8 of the incident light 179 and 
measuring the intensity of the scattered light 180 by the 
metal thin film 175 of the incident light 179, the reflec 
tive characteristic is obtained. 
FIG. 22 is a graph showing the relation between the 

incident angle 8 and reflective intensity. The reflective 
intensity of the incident light 179 as the incident angle 6 
is expressed as the distance from the origin in the direc 
tion of angle 0 to the line of 0=0. The reflective inten 
sity at 0 = 70' is indicated by P1, the reflective intensity 
at 0=60' by P2, the reflective intensity at 0=40 by P3, 
the reflective intensity at 0 =30” by P4, the reflective 
intensity at 0 = -30 by P5, the reflective intensity at 
6= -40 by P6, the reflective intensity at 0 = -60' by 
P7, and the reflective intensity at 0 = -70' by P8. 

In FIG. 22, the reflective characteristic curve of the 
standard white panel of magnesium oxide is indicated 
by broken line 81. The reflective intensity P4 at 0=30 
is superior to the reflective intensity P10 of magnesium 
oxide at 8=30, and the reflective intensity at 6 = -30 
is also known to be superior to the reflective intensity 
P11 of magnesium oxide at 6= -30. 
Thus, according to this embodiment, it is easy to 

control the shape, and the reflection electrodes 138 are 
formed along bumps 142b on the organic insulating film 
142 having the bumps 142b formed along the bumps 
142a on the bumps 142a made of the photo resist pos 
sessing reproducibility. By controlling the shape of the 
bumps 142a, reflection electrodes 138 having excellent 
reflective characteristic are obtained, and the display 
quality of the reflection type liquid crystal display de 
vice is enhanced. 
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18 
As the mask 151, it is desired to use the one as shown 

in FIG. 23. In FIG. 23 (a), the mask light shielding 
regions 151a, 151b are about 47%, and in FIG. 23 (b), 
the light shielding regions 151a, 151b are 41%. 
FIG. 24 is a graph showing the relation between the 

incident angle 6 and reflective intensity in a reflective 
thin film 75 formed by using the masks 151, 152 of 
which light shielding regions 151a, 151b are 40% or 
more. The reflective intensity of the incident light 78 at 
incident angle 6 is expressed as the distance from the 
origin O in the direction of angle 6 to the line of 6=0. 
The reflective intensity at 0=70 is indicated by P21, 
the reflective, intensity at 0 = 60' by P22, the reflective 
intensity at 0 =40 by P23, the reflective intensity at 
8=30' by P24, the reflective intensity at 0=25' by P25, 
the reflective intensity at 0 = -25 by P26, the reflec 
tive intensity by 0=-30' by P27, the reflective inten 
sity at 6= -40 by P28, the reflective intensity at 
6= -60 by P29, and the reflective intensity at 
0 = -70 by P30. 

FIG. 24 shows the reflective characteristic curve of 
the standard white board of magnesium oxide by broken 
line 181. The reflective intensity P24 at 0=30' is supe 
rior to the reflective intensity P34 of magnesium oxide 
at 0 = 30', and the reflective intensity P27 at 0 = -30 
is also known to be superior to the reflective intensity 
P37 of magnesium oxide at 6= -30. 
By contrast, by using a mask 151 of which light 

shielding regions 151a, 151b are less than 40%, for ex 
ample, 35%, a reflector was obtained in a similar 
method, and its reflective characteristic is shown in 
FIG. 25. The reflective intensity P24 at 0 =30' is infe 
rior to the reflective intensity P34 of magnesium oxide 
at 0 = -30', and the reflective intensity P27 at 
6= -30 is also known to be inferior to the reflective 
intensity P37' of magnesium oxide at 0 = -30. This is 
considered because the normal reflection components 
are too many if the bumps are less than 40%, while the 
scatter is less, thereby narrowing the viewing field. 
FIG. 26 shows the reflectivity at 0=30' of the reflec 

tor fabricated by using the mask 151 by varying the rate 
of light shielding regions 151a, 151b. It is known from 
FIG. 26 that the reflector of high reflectivity may be 
obtained by setting the rate of the bumps at 40% or 
more. Besides, by selecting the type or film thickness of 
photo resist, or heat treatment temperature, the slant 
angle of the bumps may be freely controlled, so that the 
reflective characteristic may be controlled. In addition, 
the reflective characteristic may be also controlled by 
the type or film thickness of the organic insulation film. 

In the reflection type liquid crystal device 130 of the 
embodiment, since the surface on which the reflection 
electrodes 138 are formed is positioned at the liquid 
crystal 149 side, parallax is eliminated, and favorable 
display screen is obtained. In the embodiment, more 
over, since the reflection electrodes 138 having asperi 
ties are disposed at the liquid crystal 149 layer side or at 
positions nearly adjacent to the liquid crystal 149 layer, 
the height H1 of the bumps 142b should be smaller than 
the cell thickness, and the slant angle of the bumps 
should be moderate so as not to disturb the array of 
liquid crystal. 

In this embodiment, the bumps 142a are formed only 
in the region of forming the reflection electrodes 138, 
but the bumps 142a may beformed on the entire surface 
of the substrate 131. Or using transparent electrodes for 
reflection electrodes 138, reflectors may be separately 
installed. In this case, similarly, the reflectors are 
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formed on the organic insulating film formed on irregu 
lar plural bumps. As the switching element, the TFT 
140 is used in the reflection type liquid crystal display 
device 130 of active matrix drive system in this embodi 
ment, but this is not limitative, and same effects are 5 
obtained in the reflection type liquid crystal display 
device of simple matrix drive system. 

Furthermore, in the foregoing embodiment, the or 
ganic insulating film 142 was patterned by dry etching 
method, but wet etching method using alkaline solution 10 
may be also done when the polyimide resin is used for 
the organic insulating film 142. Instead of the polyimide 
resin for the organic insulating film 142, acrylic resin or 
other organic material may be also used. As the Sub 
strate 131, in this embodiment, a transparent material 15 
such as glass is used, but similar effects are expected by 
using opaque material such as silicon substrate, and in 
this case it is advantageous because the circuit can be 
integrated on the substrate. 

In the foregoing embodiments, as the display mode, 20 
the phase transition type guest-host mode is illustrated, 
but this is not limitative, and same effects are obtained 
by other modes, including other light absorption modes 
such as two-layer type guest-host mode, light scattering 
type display mode such as high molecular dispersion 25 
type liquid crystal display device, and double refractive 
display mode used in ferrodielectric liquid crystal dis 
play device. In this embodiment, the TFT 140 is used as 
the switching element, but the invention may be also 
applied to the active matrix substrate using, for exam- 30 
ple, MIM (metal-insulator-metal) element, diode, varis 
tor, or the like. 
FIG. 27 is a plan view for explaining a further differ 

ence embodiment of the invention. It is a feature of the 
embodiment that a black light shielding layer 71 made 35 
of electric insulating material is formed on the reflective 
matrix substrate 31 on which asperities are formed as 
shown in FIG. 6. The black light shielding layer 71 is 
formed in the hatched area in FIG. 27, that is, the region 
other than the reflection electrode 38 and the forming 40 
region of the semiconductor layer 35 for composing the 
TFT 40. Meanwhile, it is also possible to form the black 
light shielding layer 71 on the reflective active matrix 
substrate 131 shown in FIG. 14 and FIG. 15. 

FIG. 28 is a sectional view for explaining the forming 45 
method of the black light shielding layer 71. This is to 
explain an example of the active matrix substrate 31 
shown in FIG. 6, but it holds true with the active matrix 
substrate 131, too. 

First, as shown in FIG. 28 (1), the whole surface of 50 
the substrate 31 is coated with a photosensitive acrylic 
resin dispersing pigments of red, blue and green in order 
to absorb visible lights, for example, a black resin 71 
mixing three types of Fuji Hunt products in the trade 
names of Color Mosaic CR, CG, CB, by means of a 55 
spinner. 

In succession, as shown in FIG. 28 (2), exposing by 
using a specified mask 72, and developing, the unneces 
sary portions are removed by etching so as to cover 
completely the regions other than the reflection elec- 60 
trode 38 and the forming region of the semiconductor 
layer 35 for composing the TFH 41, and a black light 
shielding layer 71 is formed as shown in FIG. 28 (3). 
Then by heating at 200 C. for an hour, the black light 
shielding layer 71 is hardened. 65 
Thus, according to the embodiment, by forming the 

black light shielding layer 71, it is designed to cut off the 
reflected light (scattered light) in other parts than the 

20 
reflection electrode 38, so that leak of light unnecessary 
for display may be prevented, thereby realizing a reflec 
tion type liquid crystal display device excellent in con 
trast. Still more, as compared with the case of forming 
the black light shielding layer 71 on the confronting 
substrate 45, the substrate pasting marging may be 
wider, and lowering of aperture rate due to deviation in 
pasting may be decreased, so that a bright display may 
be realized. 

In this embodiment, as the material for the black light 
shielding layer 71, an acrylic resin dispersion pigments 
is used, but other maybe used, such as acrylic resin 
dispersing carbon, for example, organic material such as 
trade name Color Mosaic of Fuji Hunt, amorphous 
silicon germanium (a-SiGe:H), and inorganic material 
such as electroless plating of silver. The thickness of the 
black light shielding layer 71 may be set according to 
the absorption coefficient of the material to be used, 
preferably so that the transmissivity may be at least 5% 
or less, or more preferably 1% or less. 
The invention may be embodied in other specific 

forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 
therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being 
indicated by the appended claims rather than by the 
foregoing description and all changes which come 
within the meaning and the range of equivalency of the 
claims are therefore intended to be embraced therein. 
What is claimed is: 
1. A reflection type liquid crystal display device com 

prising, on the liquid crystal layer side surface on one of 
the substrates of a pair of transparent substrates dis 
posed opposedly across a liquid crystal layer, plural 
reflection electrodes as display picture elements for 
reflecting the incident light from the other substrate 
side, a plurality of thin film transistors that function as 
switching elements, each transistor having a source 
electrode with source bus lines connecting source elec 
trodes, the source bus lines having areas overlapping a 
part of a refection electrode, and distribution elec 
trodes, parts of which are overlapped by the reflection 
electrodes, for applying voltage for display to the re 
flection electrodes and forming common electrodes 
possessing light transmissivity nearly over the entire 
surface on the liquid crystal display side surface on the 
other substrate, wherein 

the reflection electrodes are formed on an electric 
insulating film extending over the entire surface of 
the substrate except for the connection parts of the 
one reflection electrodes with the distribution elec 
trodes, the reflection electrodes possessing plural 
bumps only in the reflection electrode forming 
regions not overlapping the distribution electrodes 
and not in the areas where the reflection electrodes 
and source bus lines overlap. 

2. A reflection type liquid crystal display device of 
claim , wherein the bumps are arranged irregularly. 

3. A reflection type liquid crystal display device of 
claim 1, wherein the bumps are formed in a taper having 
a spherical end portion. 

4. A reflection type liquid crystal display device of 
claim 1, wherein the bumps are one type that are identi 
cal in size or comprise two or more different types that 
differ in size. 

5. A reflection type liquid crystal display device of 
claim 1, wherein the height of the bumps is not more 
than 10 um. 
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6. A reflection type liquid crystal display device of 
claim 1, wherein the arrangement pattern of bumps is 
identical in each reflection electrode. 

7. A reflection type liquid crystal display device in 
accord with claim 6, wherein the bumps are formed in 
a random pattern in each reflection electrode. 

8. A reflection type liquid crystal display device of 
claim 1, wherein a light shielding film possessing an 
electric insulating property is formed in the region of 
connecting part with the reflection electrode on the 
distribution electrode formed on one substrate and in 
the region not overlapping with the reflection electrode 
on the distribution electrode. 

9. The reflection type liquid crystal display device of 
claim 1, wherein the a plurality of bumps are formed in 
the electric insulating film except plural bumps are not 
formed on the area where the reflection electrodes and 
distribution electrodes are overlapped. 

10. The reflection type liquid crystal display device 
of claim 1, further comprising a color filter disposed on 
the substrate opposing the reflection electrodes. 

11. A reflection type liquid crystal display device 
possessing a reflector for reflecting the incidental light 
from the other substrate side, on one of the substrates of 
a pair of substrates disposed opposedly across a liquid 
crystal layer, wherein 

the reflector is on an electric insulating film having 
plural bumps arranged irregularly at the liquid 
crystal layer side on one substrate, except the 
bumps are not in the areas where the reflector and 
source bus lines overlap. 

12. A reflection type liquid crystal display device of 
claim 11, wherein the bumps are one type that are iden 
tical in size or comprise two or more different types that 
differ in size. 
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13. A reflection type liquid crystal display device of 

claim 11, wherein the plural bumps are formed in a 
taper having a spherical end portion. 

14. A reflection type liquid crystal display device of 
claim 11, wherein the height of the bumps is not more 
than 10 um. 

15. A reflection type liquid crystal display device of 
claim 11, wherein the plural bumps of the reflector 
arranged irregularly at the liquid crystal layer side of 
one substrate are 20 pum or less in diameter, and occupy 
40% or more of the total area of the reflector. 

16. A reflection type liquid crystal display device of 
claim 11, wherein the reflector is an electrode to be used 
as a display picture element. 

17. A manufacturing method of reflection type liquid 
crystal display device possessing a reflector for reflect 
ing the incident light from the other substrate side, on 
one substrate of a pair of substrates disposed opposedly 
across a liquid crystal layer, the method comprising 

applying a photosensitive resin to the liquid crystal 
layer side surface of one substrate, 

exposing through the photosensitive resin light 
shielding means having circular light shielding 
regions arranged irregularly, 

developing the photosensitive resin, 
forming plural bumps by heating the photosensitive 

reS1n, 
forming an insulating film covering the plural bumps 
on the obtained plural bumps, and 

forming the reflector made of thin metal film on the 
insulating film. - 

18. A manufacturing method of reflection type liquid 
crystal display device of claim 17, wherein the total area 
of the circular light shielding regions of the light shield 
ing means occupy 40% or more of the total area of the 
light shielding means, and 20 pum or less in the diameter 
of the circles arranged irregularly. 

sk sk e k ck 
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